Background: Energy intake determined from self-reported dietary assessment methods may be underreported. Therefore, it is important that such methods be validated against another with known validity for energy intake or energy expenditure. Methods: We investigated potential underestimation of energy intake obtained from our semi-quantitative food-frequency questionnaire (FFQ) administered between 2000 and 2001 in the metropolitan area of Montreal, Canada. The study population included 246 adults aged 18 to 82 years. The ratio of energy intake to estimated basal metabolic rate (EI/BMR) was used to assess underreporting and physical activity was determined from self-administered questions. Comparison of the EI/BMR ratio with the Goldberg statistical cut-off allowed us to detect individuals who were low energy reporters (LERs). LERs and non-LERs were compared to determine if they differed on sociodemographic, anthropometric and lifestyle variables. Results: The EI/BMR ratio was 1.26 for men and 1.32 for women. LERs represented 43% of the sample of individuals. Male LERs accounted for 54% compared with 35% among females. Underreporting of energy intake was highest in men and individuals who were older, heavier, with higher body mass index and lower education level. A higher proportion of male LERs perceived their financial situation as adequate while a greater proportion of female LERs considered themselves poor. Conclusion: Our data suggest that underreporting of energy intake from the FFQ was considerable and may bias dietary interpretation. As this was uneven across the sample, it is crucial to recognise the characteristics of LERs in order to increase the validity of reported energy intake.
A recurrent issue in dietary self-reports is the extent to which participants underreport their energy intake. This is a particular problem when assessing habitual diet 1 . All methods designed to estimate population food and nutrient intakes are subject to bias 2 . It was only with the doubly labelled water method in the 1980s that it became possible to determine the validity of energy intake from dietary assessment methods using an external independent marker in free-living populations 3 . However, the cost and complexity of the doubly labelled water method makes it impracticable in large epidemiological studies. As a result, a method was developed by Goldberg et al. 4 based on the ratio of energy intake to basal metabolic rate (EI/BMR) which can be used to determine whether it is likely that weight-stable individuals have underreported their energy intake. A review by Black et al. determined that underreporting was widespread in the vast majority of nutritional studies regardless of the dietary assessment method 5 .
Many factors and behaviours may explain underreporting of energy intake in different populations, including physiological (weight status, body fat) 6, 7 , sociodemographic (age, gender) 8 and psychological (social desirability, body dissatisfaction) 9 ,10 reasons and lifestyle attributes or characteristics (smoking, physical activity) 11 . Some studies have also found differential reporting of macronutrient and nutrient intakes in low energy reporters (LERs) 12, 13 . Goris et al. showed that underreporting could result from either under-recording or under-eating by the individual during the assessment period, or a combination of both 14 . Underreporting of energy intakes could also be explained by lack of precision in the assessment instrument (i.e. not enough food items in the foodfrequency questionnaire (FFQ)), or by the inability, difficulty or respondents' lack of motivation accurately to report their intakes 7 . The present paper reports an investigation of underreporting of energy intake from an FFQ developed to evaluate usual dietary and nutrient intakes among adults living in Montreal, Canada 15 . The aims of the study were to evaluate the prevalence of underreporting of energy intake from the FFQ and to compare physiological, sociodemographic and lifestyle characteristics of LERs and non-LERs.
Methods

Study population
The study participants were adults living in the metropolitan area of Montreal, Quebec, Canada. They were recruited between November 2000 and August 2001 using random digit dialling 16 and eligible adults were invited to participate in the study. Recruitment of potential subjects was achieved with 57.3% of valid telephone numbers (522 of 911). The 400 respondents who agreed to participate received a personalised invitation, consent forms and the FFQ by mail. The final study sample included 248 adults aged 18 to 82 years who provided an adequately completed FFQ. Two subjects were subsequently excluded due to extreme reported energy intakes (more than three standard deviations (SD) above the mean), and the final sample consisted of 106 men and 140 women in four age categories (18 -34, 35- . The FFQ was designed to be relatively brief and assess habitual food and nutrient intakes, and be representative of sociodemographic groups. Subjects were required to report their consumption frequency and portion size (smaller, equal to, or larger than the reference) of foods and beverages consumed during the previous 12 months in each of the 73 food categories. The FFQ also contained photos of portion sizes of different foods and beverages. Complete details of the FFQ development and validation and of the dietary assessment procedure are provided elsewhere 18, 19 .
Assessment of lifestyle variables
Data on other dietary habits, supplement use, physical activity, weight and height, smoking and sociodemographic information were gathered at the end of the FFQ. Participants were categorised by age group (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) 21 . The PAL values were 1.55, 1.78 and 2.10 for men, and 1.56, 1.64 and 1.82 for women. We inserted each participant's EE/BMR ratio into Goldberg's cut-off equation to calculate a limit for each participant, where the multiplication of the limit by the BMR gave a level of energy intake considered to be the lowest plausible amount for a non-dieting, weight-stable individual during the survey period. Thus, Goldberg's method defines LERs in our sample as 'those individuals reporting a mean energy intake over the previous 12 months below their specified cut-off limit'.
We compared LERs and non-LERs on a number of sociodemographic, anthropometric, lifestyle and nutritional characteristics previously identified as possibly being associated with underreporting; these included gender, age, weight, BMI, education, perceived financial situation, smoking, exercise levels, supplement use, and percentage of energy from macronutrients.
Statistical analysis
Statistical analyses were carried out using SPSS software, version 10.0 (SPSS Inc., Chicago, IL, USA, 1999). For continuous variables, differences between two means were assessed by independent-samples t-tests, while differences between multiple means were examined using analysis of variance. Differences among groups were submitted to a Bonferroni test to determine which two groups differed. A Mann -Whitney U-test was used when a normal distribution was not present for continuous variables. For categorical variables, chi-square tests were performed to identify differences between proportions, at a significance level of P , 0.05.
Results
General, physical and selected nutritional characteristics of the participants (n ¼ 246) are shown in Table 1 .
Energy intake and EI/BMR related to sex and age
The average EI/BMR ratio of the survey participants was 1.26 (SD 0.55) for men and 1.32 (0.4) for women, indicating that 43% of respondents overall were LERs.
A considerable proportion of men (78%) and women (74%) had an EI/BMR ratio of 1.55 or lower (Fig. 1) . Our results also indicate that 54% of participants had a reported intake below 1.27 £ BMR, which is considered by the FAO/WHO/UNU to be the minimal energy intake for survival. Average reported energy intakes for men were 2271 (SD 1006) kcal and 1776 (572) kcal for women. We classified 57 men (54%) and 59 women (35%) falling below their cut-off limit as LERs when participants were grouped into three physical activity levels. As the difference in proportions of LERs between the genders was highly significant (P ¼ 0.003), we performed all subsequent analyses separately by gender. We also verified whether a single EE/BMR ratio of 1.55 (sedentary) for the whole group would affect the number of male and female LERs. The analysis performed demonstrated no significant difference in proportions of LERs by gender (data not shown). This result was anticipated, as an EE/BMR ratio of 1.55 can only identify gross underreporting of energy intake. Men were more active than women in our study, so they were not detected as LERs when a sedentary physical activity level was considered.
Selected characteristics of LERs and non-LERs
We found a number of significant differences in characteristics between LERs and non-LERs in both men and women (Table 2) . Male LERs were more likely to have a higher BMI (P ¼ 0.046), to consider their financial situation as adequate (P ¼ 0.01) or to consume a higher Fig. 1 Distribution of the ratio of energy intake to basal metabolic rate (EI/BMR) among men (n ¼ 106) (white bars) and women (n ¼ 140) (black bars) derived from self-reported physical activity and food-frequency questionnaire data percentage of energy as protein (P ¼ 0.005) compared with non-LER participants. Female LERs were found to be older (P ¼ 0.01), heavier (P ¼ 0.04), have higher BMI (P ¼ 0.02) and be more likely to report foods containing a higher percentage of carbohydrate (P ¼ 0.02) or a lower percentage of fat (P ¼ 0.002) than their non-LER counterparts. They also had lower education levels than non-LER women.
Discussion
The present study sought to evaluate the prevalence of underreporting of energy intake from the FFQ and to determine whether LERs and non-LERs differed on certain characteristics. In 1991, Black et al. showed that underreporting of energy intake is widespread and can seriously affect dietary interpretation 5 . After assessing underreporting from the FFQ, we concluded that 43% of individuals were LERs when evaluated by Goldberg's technique. That is, it was statistically improbable that their reported energy intake would represent their habitual intake over the previous year.
The strength of this study lies in the self-assessed physical activity questions in the FFQ which allowed us to apply light, moderate or heavy EE/BMR ratios to determine the cut-off limits, rather than using a standard sedentary physical activity level of 1.55 £ BMR for the entire sample. The FAO/WHO/UNU defines 1.55 £ BMR as the expected energy requirement for light activity (sedentary lifestyle). This technique has a sensitivity of 0.74 and 0.64, and specificity of 0.97 and 0.98 (men and women, respectively) 22 . On the other hand, because it has been shown that underreporting is present at all levels of energy expenditure, a sedentary level of 1.55 attributed to all subjects can only identify about 50% of underreporters. Consequently, Black has recommended that all dietary surveys should include some measurement of physical activity, weight and height, in order to evaluate reported energy intake at the individual level 23 . This recommendation results from studies of doubly labelled water showing that extreme variation in energy expenditure is present at all ages 3 . The doubly labelled water technique cannot be used with a large number of participants in an epidemiological study, which explains the widespread use of the Goldberg statistical cut-off for EI/BMR. Use of the Goldberg technique is still subject to some criticism because of its lack of precision. In addition, in the present analyses, BMR LER -low energy reporter; SD -standard deviation; BMI -body mass index; BMR -basal metabolic rate; EI/BMR -ratio of energy intake to BMR. Differences between means were tested by the Student t-test, and differences between proportions were tested by the chi-square test: *, P , 0.05; **, P , 0.01; ***, P , 0.001.
was estimated by Schofield's formula based on selfreported height and weight 20 . Consequently, BMR might be biased (overestimated) among individuals who incorrectly reported their height and weight, in obese individuals who have a higher percentage of body fat, or among persons over 60 years of age. The lower confidence limit (cut-off) is only a value below which is it statistically unlikely that a reported energy intake is plausible 22 . Our results are similar to those of other studies that have estimated underreporting of energy intake from an FFQ using Goldberg's technique. The EPIC (European Prospective Investigation into Cancer and Nutrition) Potsdam survey evaluated energy intake data from a semiquantitative FFQ by the cut-off limit of 1.35, and suggested underreporting among approximately 40% of subjects 24 . The study of Samaras et al. was very similar to ours in terms of the number of subjects, the period of dietary assessment of the Oxford FFQ (1 year) and the use of three levels of EE/BMR (light, moderate, heavy) for the cut-off limit 6 . They concluded that 52% of participants were underreporters. In an Irish study (Kilkenny Health Project), reported energy intake from an FFQ below a cut-off of 1.27 identified 53% of subjects as underreporters 25 . Another FFQ administered in the UK evaluated close to 39% of men and 28% of women as underreporters 26 . It must be noted that dietary underreporting is not confined to FFQs, but occurs with all dietary assessment methods, indicating a possibly consistent aberrant behaviour when nutritional evaluation is performed 3, 7 . It is likely that the underreporting detected in our study is a complex phenomenon. We can only speculate as to the actual mechanisms operating here, because this bias is present in a number of subgroups and across the complete range of energy expenditure as defined in this study. Lack of motivation and the inability or unwillingness on the part of the subjects to correctly report intake is a possible explanation, with consequences for the accuracy of the FFQ. Underreporters might have deliberately or unconsciously erred when estimating frequencies and/or portion sizes. It is generally recognised that eating unhealthy foods is not perceived as a good behaviour, so that snack foods high in sugar and fat and regarded as 'junk foods' could very well be underreported. Weight-conscious individuals, those who frequently diet to lose weight and people concerned with their body image are well known to underreport their food intake 9, 11 . In the elderly, memory problems may have affected reporting accuracy, especially as participants were called upon to provide diet information for the previous 12 months. The structure of the FFQ itself (food items, frequency categories and reference portion sizes) could be a source of error. The reference portion size photos included in the FFQ may have been misused by participants or not used at all, which would affect the accuracy of the portion size choices (smaller than, equal to or larger than the reference). However, it must be stressed that the FFQ was found to have a respectable level of overall validity, and only minimal misclassification as assessed in relation to four non-consecutive food records, with results very similar to those reported in the dietary assessment literature 18, 19 . LERs and non-LERs had similar BMR and self-reported physical activity levels. While participants may have incorrectly reported their physical activity, BMR is unlikely to explain the lower energy intakes reported by the LERs. BMR calculations were used in the Schofield equations, which assume a linear relationship between body weight and BMR. However, as fat tissue is less active metabolically than lean mass, obese individuals could have been misclassified as LERs. Contrary to most studies of low energy reporting 27 -30 , men in our sample were more likely than women to emerge as LERs (54% of men, compared with 35% of women). To our knowledge, there are only three studies that have identified a higher percentage of male LERs 26, 31, 32 . It is unclear whether men underreport to a lesser degree than women, or if they underreport to the same degree as women but from a higher energy requirement, and would thus be less likely to fall below a single cut-off limit applied to all subjects 22 . This observation could very well explain our higher percentage of male LERs, because our study included an evaluation of physical activity to identify LERs across all levels of energy expenditure as defined in this study. Very few studies of low energy reporting have provided this type of evaluation of physical activity so they may have been unable to detect certain underreporters, such as men with high energy expenditure. On the other hand, since women are typically more conscious of and familiar with their serving sizes than men, their self-reports of energy intake may be more precise. Some respondents reported having problems estimating the number of hours they spent at different levels of physical activity, and may have reported what they perceived as desirable rather than a true reflection of their usual practices. Since many people are sedentary, this could have produced an overestimate of their physical activity levels, which would have affected our calculation of energy expenditure. As with other selfreported behaviours, respondents may have difficulty assessing and reporting their physical activity level from summary questions providing different levels of energy expenditure, such as those used in the questionnaire.
Obesity defined by BMI was prevalent in a higher proportion of LERs than non-LERs, in agreement with other studies 33 -36 . BMI seems to be one of the most consistent factors in predicting underreporting of energy intake in nutritional assessment studies 7 . Attitudes about their body weight and the desire to reduce weight influence how obese individuals report their dietary intakes 11 . Some studies have shown that dieters and individuals with high dietary restraint associated a higher level of guilt to eating sweets, salty snacks, high-calorie and high-fat foods, and were less likely to report eating these foods 2, 37, 38 . Again, as described above, the Schofield equations might have overestimated the BMR of obese individuals as they have less lean mass and, as a result, produced a misclassification of LERs.
A number of other observations on the characteristics of adequate reporters and underreporters in our sample may provide directions for further investigation. While these did not reach statistical significance, trends were detected suggesting differences between LERs and non-LERs (which also varied by gender) in other macronutrient intakes, smoking and physical activity habits ( Table 2 ). These observations highlight areas for further vigilance in dietary assessment and interpretation of self-reports.
In conclusion, the average EI/BMR ratios of survey participants indicated that 43% of them were LERs. However, low energy reporting was unevenly distributed in this sample of Montreal adults, with male and female LERs having higher BMI levels, and female LERs being older and less educated, than their respective non-LER counterparts. These distinguishing attributes have been reported in other studies. Differences in macronutrient intakes between men and women LERs and non-LERs may also suggest differential dietary self-reports characteristic of dieters, or those observed among individuals with dietary restraint. Questions also remain on the applicability of estimates of basal metabolism in certain population subgroups, as well as the ability of respondents to assess their physical activity expenditure. Still, awareness of underreporting is of key importance if we are to improve dietary assessment methodology. Findings from this study can help investigators to assess and interpret dietary self-reports and develop strategies for minimising error in susceptible participant groups.
